Abstract: Plains viscachas (Lagostomus maximus) are large South American, fossorial rodents susceptible to diabetic cataracts. Various aspects of their digestive physiology were studied in three different experiments with 9 male and 7 female adult animals and 6 different diets (total n of feeding trials = 35). Viscachas achieved mean retention times of 23-31h, which is of a magnitude also recorded in horses; these did not differ for solute or small particle (<2mm) markers. Secondary marker excretion peaks indicated coprophagy, and were rarer on high-protein as compared to grass hay-only diets. Mean resting metabolic rate was, at 229 kJ/kg0.75/d, lower than expected for a mammal of this size. Digestible energy requirement for maintenance was 445 kJ/kg0.75/d. At 1.6-2.7 L/d, viscachas produced more methane than expected for a hindgut fermenter of their size. On diets that included concentrate feeds, viscachas excreted glucose in their urine, corroborating reports on the susceptibility of this species for diabetes when kept on energy-dense food. Viscachas had a similar apparent digestibility of protein, lipids, and macrominerals as other rodents, rabbits, or domestic horses. This suggests that whether or not a species practices coprophagy does not have a major influence on these measures. Viscachas resemble other hindgut fermenters in their high apparent calcium digestibility. With respect to a digestibility-reducing effect of dietary fiber, viscachas differed from rabbits and guinea pigs but were similar to horses, suggesting that small body size needs not necessarily be linked to lower digestive efficiency on high-fiber diets. three different experiments with 9 male and 7 female adult animals and 6 different diets (total 28 n of feeding trials = 35). Viscachas achieved mean retention times of 23-31h, which is of a 29 magnitude also recorded in horses; these did not differ for solute or small particle (<2mm) viscachas excreted glucose in their urine, corroborating reports on the susceptibility of this 36 species for diabetes when kept on energy-dense food. Viscachas had a similar apparent 37 digestibility of protein, lipids, and macrominerals as other rodents, rabbits, or domestic 38
INTRODUCTION
from a funnel system attached underneath the wire mesh cages and the finer mesh where feces 126 were retained. The composition of leftover hay was only analyzed in Exp 3 and Exp 4. 127
Samples were subjected to standard nutrient analyses [AOAC, 2012] Germany). Concentrations of sodium (Na) , potassium (K), calcium (Ca) , phosphorus (P), 134 magnesium (Mg), copper (Cu) and zinc (Zn) were analyzed in Exp 2 and 3. To 0.5 g of 135 sample, 5 ml of 65% HNO 3 was added for wet ashing (1200 mega High Performance 136
Microwave, MLS, Milestone, Leutkirch, Germany). The minerals Ca, Na and K were 137 analyzed by flame photometry (EFOX 5053, Eppendorf, Hamburg, Germany), P by 138 spectrophotometry (using ammonium molybdic acid and ammonium vanadic acid, 1:1; 139 GENESYS 10 UV, Thermo Spectronic, Dreieich, Germany), and Cu and Zn by atomic 140 absorption spectroscopy (AAnalyst 800, Perkin-Elmer, Waltham, MA, USA). In Exp 2, 141 metabolic fecal nitrogen was determined according to Schwarm et al. [2009] . Apparent 142 digestibilities were calculated as the proportion of a nutrient not excreted of the overall intake 143 [Robbins, 1993] . To facilitate comparison with data from other species, the concentration of a 144 nutrient was plotted against the concentration of the digestible fraction of that nutrient [Clauss 145 et al., 2008; Clauss et al., 2010b] . 146 147
Mean Retention Time 148
The mean retention times (MRT) of a solute marker (cobalt-EDTA) and a particle marker 149 (chromium-mordanted fiber particles <2mm), prepared according to Udén et al. [1980] , wereintervals afterwards. Feces were analyzed for markers either using atomic absorption 
The marker was assumed to have been excreted completely once the fecal marker 161 concentrations were similar to the background-levels determined in pre-dose fecal samples. 162
163

Diabetes Indicators in Urine and Blood 164
Urine samples were available from spontaneous urinations or urine gained by applying gentle 165 transabdominal pressure on the bladder under isofluorane anesthesia [Wenker et al., 2007] at 166 the end of each collection period in Exp 2, or from total collection in Exp 3. Urinary glucose 167 concentration was estimated with a commercial test strip (Combur-Test, Roche Diagnostics 168 AG, Rotkreuz, Switzerland; graded at 1 = below detection limit, 2 = 2.8, 3 = 5.6, 4 = 16.7 and 169 5 = 55.5 mmol/L). Blood samples were taken under isofluorane anesthesia at the end of each 170 collection period in Exp 2 and 3 from the Vena femoralis and centrifuged to gain serum, 171 which was analyzed for glucose and fructosamine concentrations in a Cobas-Integra 700 172
Analyzer (Roche-Diagnostics, Rotkreuz, Switzerland). Additionally, urinary glucose was 173 measured in Exp 3B/C using the same equipment.
Respirometry 176
After completion of the collection period, the three animals of Exp 4 were transferred to 177 respiration chambers (49 x 59 cm floor, 40 cm height) that had served as shelter in their 178 enclosures during the preceding period. Chambers were filled with amounts of lucerne hay, 179 lucerne pellets and water sufficient to allow ad libitum consumption. Air inlets on the bottom 180 and air outlets on top of the chambers ensured a constant airflow (10 L/min) generated by an 181 attached pump (Flowkit 100, Sable Systems, Las Vegas, USA). Flexible hoses ducted the out-182 flowing air to a gas multiplexer, which allowed the measurement of all three individuals and 183 as well as ambient air (to determine base line gas values), at alternating intervals of 90 s each. 
RESULTS
206
The digestive tract of the plains viscachas investigated was characterized by a simple 207 stomach, a voluminous cecum, a colon ascendens with a colonic furrow whose borders were 208 defined by simple muscular ridges, and a long descending colon (view of the digestive tract of 209 one individual in Fig. 1 ). The wet mass of total gut contents represented 11.0 ±3.5 % of body 210 mass (Table 1) . 211
There was no pronounced feeding selectivity in the animals in Exp 3 (Table 2) , because 212 the hay ingested did not differ from the hay offered in terms of contents of CP, CF or NDF. 213
The relative dry matter intake (rDMI) varied, across experiments, from 38 to 51 g/kg 0.75 /d 214 (Table 3) and was not correlated to either dietary fiber content or organic matter digestibility. 215
There was no difference in rDMI between Exp 2A and Exp 2B. In contrast, rDMI in Exp 3A 216 was higher than that of Exp 3B or Exp 3C (paired t-test with Sidak adjustment, P=0.001 and 217 0.014, respectively), with no difference between the latter two. Total water intake (only 218 measured in Exp 3) was closely correlated to DMI (R=0.86, P<0.001) (Fig. 2) ; it averaged at 219 1.2 ±0.3 g/g DMI, which was lower than reported for guinea pigs, degus, chinchillas and 220 rabbits on diets consisting of dry food (Fig. 2) . However, the only significant difference was 221 between guinea pigs and all other species (ANOVA and Sidak post hoc tests, P<0.001 for 222 comparisons with guinea pigs, P>0.05 for all other comparisons). 223
Particle and solute MRT ranged at 23-31 h (Table 3 ) and were highly correlated with 224 each other (R=0.93, P<0.001). There was no difference in the MRT of particles and solutes, 225 and no relationship between body mass, rDMI or relative water intake on the one hand andMRT measures on the other hand. Behavior compatible with coprophagy was observed 227 sporadically (Fig. 3) . In addition, the marker excretion patterns showed several secondary 228 peaks suggesting that coprophagy took place on the grass hay diets (Exp 2A and 3A) but less 229 so on the pelleted diet (Exp 2B) or the lucerne hay diet (Exp 4) (Fig. 4) 3A, B and C, respectively, and there were no significant differences between treatments. 253
There was a significant negative correlation (R=-0.76, P<0.001) between dietary crude 254 fiber and the apparent digestibility of organic matter in the viscachas. The relation was 255 different from the relationship of these measures in rabbits and guinea pigs, with a difference 256 in the slope (Table 5 ), but similar to that in horses (Fig. 5) . In contrast, the relationship of 257 nutrient content and digestible nutrient content in the diet did not differ markedly between 258 species for crude protein, ether extracts and minerals (Fig. 6) . Confidence intervals for 259 parameter estimates from the corresponding regression equations showed a large degree of 260 overlap (Table 5 ). Concentration of fecal nitrogen ranged from 1.1 to 3.0 % of DM (mean 1.9 261 ±0.6) ( Table 4 ) and was positively correlated with the apparent digestibility of organic matter 262 (R=0.71, P<0.001). 263
Although the three viscachas of Exp 4 consumed food in the respiration chambers, the 264 respiration quotient was comparatively low (Table 6 ). Methane production averaged at 2.01 265 ±0.64 L/d and at 3.4 ±1.3 % of gross energy intake ( Table 6) The results of the present study characterize and confirm the plains viscacha as a typical 273 herbivorous rodent with a comparatively high digestive efficiency, a mucus-trap colonic 274 separation mechanism, a digestive strategy that includes a flexible degree of coprophagy, a 275 calcium metabolism like many other herbivorous hindgut fermenters, a low metabolic rate, it might be interesting to investigate whether different ways of ad libitum feeding can 302
influence results on feeding selectivity. Ad libitum feeding is achieved by ensuring that thereare always leftovers the next time a diet item is replaced. Yet, for practical reasons, feeding is 304
usually organized in such a way that these leftovers are of a limited amount, and hence 305 typically do not exceed the amount consumed by the animals. Offering diets in much greater 306 abundance, i.e. where leftovers exceed the amount consumed in different degrees of 307 magnitude, might result in different selection opportunities and therefore have an influence on 308 measures of feeding selectivity that has not been evaluated to date. 309
Another limitation is the collation of data from different individual experiments. In the 310 present Exp 3, conditions were different compared to the other experiments, both in terms of 311 ambient temperature and the holding facilities. According to the results of Kohl [1980] , the 312 animals of Exp 3 were challenged in their temperature regulation, which might have 313 contributed to generally higher body mass losses at similar DE intakes as compared to Exp 2 314 (Fig. 7) . Additionally, housing conditions of Exp 3, in which the collection period did not take 315 place in the familiar surroundings but in modified metabolism cages, might have led to a 316 higher stress level that also contributed to these body mass losses. Generally, plains viscachas 317 are known to be more easily agitated than many other, smaller rodents [Weir, 1970; Kohl, 318 1980] . One possible reason for this might be body size; smaller species might more easily feel 319 protected in the shelters provided in experimental settings. In contrast, to feel protected from 320 human handlers, viscachas might have to be provided with burrows of a scale that makes 321 experimental measurements impossible. (Table 6 ) as the animals consumed some food in the respiration chambers 351 (which would usually lead to the expectation of a higher respiration quotient). The low 352 metabolic rate of the species is also evident in the lower estimate of DE requirements in Exp 2 353 (Fig. 7) As in other hystricomorph rodents, which all have a colonic furrow [Gorgas, 1966] , and also 363 in muroid rodents, there was no difference in the MRT of solute and particle markers in plains 364
viscachas. These results corroborate that, in contrast to the colonic separation mechanism of 365 rabbits, no fluid 'wash-back' is involved in the 'mucus trap' separation mechanisms in these 366 groups [Hume and Sakaguchi, 1991] . 367
The results of this experiment show that viscachas are flexible in their coprophagic 368 behavior. To our knowledge, the flexibility of coprophagy as part of the overall digestive 369 strategy in small herbivores is little explored so far, except for rabbits. In rabbits, it was 370
shown that cecotroph production, or the contribution of cecotrophs to overall intake, increased 371 Table 3 . Mean (±standard deviation) body mass (BM), food dry matter (DM), digestible energy (DE) and water intake, mean 743 retention times of a particle (MRT Cr) and a solute (MRT Co) marker, and nutrient composition of the ingested diet in the 744 different treatments of this study 745 for Exp 2, no standard deviation for hay composition is given because leftovers were not analysed 747 in Exp2 and Exp3, treatments (A, B, C) represent differences in the proportions of hay and concentrates 
